Abstract To evaluate how having a child with both persistent asthma and a developmental disability (DD) affects caregiver burden and quality of life (QOL). 3-10 year old children with persistent asthma in urban Rochester, NY. Cross-sectional baseline survey (2006)(2007)(2008)(2009). Parent report of autism spectrum disorder or other behavioral disorder requiring medication. Caregiver burden and QOL as measured by scores on previously validated depression, parenting confidence, and asthmarelated QOL scales as well as an assessment of competing demands on the caregiver. Bivariate and multivariate regression analyses controlling for caregiver age, education, marital status, race, ethnicity, and child asthma symptom severity. We enrolled 530 children as part of a larger study (response rate: 74; 63 % Black, 73 % Medicaid). Of this sample, 70 children (13 %) were defined as having a DD. There were no differences in asthma symptom severity between children with and without a DD diagnosis. However, even after adjusting for potential confounders, caregivers of children with a DD reported worse scores on the depression (p = .003), parenting confidence (p \ .001), and competing demands (p = .013) scales and worse asthma-related QOL (p = .035) compared to caregivers of typically developing children with asthma. Despite having similar asthma symptom severity, caregivers of children with both persistent asthma and a DD diagnosis report more burden and lower QOL compared to that of caregivers of typically developing children and persistent asthma. Further attention to this subgroup is needed to promote optimal support for caregivers.
Background
Developmental disability (DD) is a broad category of physical, behavioral, and learning disorders with childhood onset. Several common childhood disorders fall under the DD classification, including attention-deficit/hyperactivity disorder (ADHD), cerebral palsy, intellectual disability, muscular dystrophy, Tourette syndrome, and autism spectrum disorders (ASD). Recent data show a drastic increase in the prevalence of US children with a DD diagnosis since the new millennia [1] . Children with DD are also at greater risk of having co-morbid physical health conditions, including asthma [2] . Although rates of pediatric asthma have recently reached a plateau, asthma remains the most common chronic physical health condition in childhood, and continues to affect an estimated 9.1 % of US children [3] . The reasons for elevated asthma prevalence among children diagnosed with a DD are unclear, but may be related to enhanced medical attention and diagnosis rates in children already regularly seeing a physician for one chronic condition or, potentially, a biological and environmental link between these two conditions [4, 5] .
As the prevalence of DD continues to increase and pediatric asthma prevalence remains high, there likely will be an even greater number of children with a dual DD/ asthma diagnosis. Yet, the specialized healthcare and support service needs of this population are not clear. For instance, it is well-documented that caring for a child with a chronic health condition, such as asthma, is correlated with elevated caregiver anxiety and depression [6] [7] [8] and can negatively impact the caregiver's overall quality of life (QOL) [9] . Similarly, there is a robust body of evidence to support that the burden of care is also elevated for parents of children with a DD [10] [11] [12] . However, relatively little is known about how caring for a child with multiple chronic conditions may affect caregivers. In a recent study of over five thousand children with physician-diagnosed ADHD, parental strain was greater for caregivers of children with ADHD and a physical health condition, such as asthma, as compared to parents of children with ADHD alone [13] .
The mental and emotional health of the caregiver can significantly impact the health of the child [14] [15] [16] [17] , and pediatricians can play a critical role in addressing and helping to manage caregiver burden. Prior studies have found that asthmatic children with depressed caregivers report worse adherence to preventive asthma medications, less confidence and satisfaction during doctor's visits, and increased healthcare utilization, including more frequent visits to the emergency department [6, [18] [19] [20] [21] [22] . This is particularly pertinent for young urban children, since they suffer the greatest burden of asthma morbidity [23] and are at high risk for inadequate preventive treatment [24, 25] .
One prospective study found a link between parental stress and the early onset of wheezing in childhood [26] . In addition to increasing asthma morbidity, elevated caregiver burden can also worsen children's cognitive, social, and behavioral problems [27] [28] [29] [30] [31] [32] , which could have compounding effects on children with a DD, who often already have impairments in these areas. Further elucidating this issue is critical in order to begin to optimize care and improve outcomes for this vulnerable population. The purpose of this study is to evaluate how caring for a child with two of the most prevalent chronic conditions of childhood-asthma and a DD-impacts caregiver burden and QOL. We focus on urban children with persistent asthma in order to capture a high-risk group of children in most need of consistent preventive care. We hypothesize that caregivers of children with a dual asthma and DD diagnosis will have a elevated burden and will report high levels of depressed mood, decreased parenting confidence, and increased competing demands. If true, a subgroup of highrisk caregivers (those with children with a chronic physical illness and a DD) would be identified, which would have important clinical applications for pediatric health care providers who could then screen for and address the caregiver's issues before they potentially interfere with the child's health management.
Methods

Subject/Setting
As part of a larger study, we partnered with an urban school district to recruit children ages 3-10 years with physiciandiagnosed persistent asthma (n = 530) [33] . All study procedures for the primary study were approved by the affiliated Institutional Review Board. Data for this crosssectional analysis were planned a priori and collected during in-home baseline assessments (2006) (2007) (2008) (2009) . Subjects were classified as having a DD if their caregiver reported that the child had received a diagnosis of a behavioral disorder including attention-deficit disorder (ADD), ADHD, or other conduct disorder and if the child was currently prescribed medication for that disorder. Prescription of a behavioral medication was confirmed through a combination of both parent report and a written catalogue of all prescribed medications present in the home, as recorded by the researchers, at the initial home visit. Children were also considered to have a DD if their caregiver reported a doctor diagnosis of an autism spectrum disorder (ASD) (i.e. autism, Asperger syndrome, pervasive developmental disorder not otherwise specified), regardless of whether or not the child was currently prescribed a behavioral medication (since currently pharmacological therapies are not first line treatments for ASD) [34] [35] [36] [37] [38] .
Outcome Measures
To determine caregiver burden, we assessed depressed mood, asthma-related QOL, parenting confidence, and competing demands. Caregiver depressed mood was measured using the validated Kessler Psychological Distress Scale (K10); [39] a ten-question survey asking caregivers to assess how often they experienced certain emotions (e.g. hopelessness, restlessness, worthlessness) over the past 4 weeks. Responses to each item are scored using a fivepoint Likert scale (1 = ''none of the time,'' 5 = ''all of the time''). Total scores can range from ten to fifty, with higher scores indicating more severely depressed mood. Scores above nineteen are considered clinically significant [40] .
Juniper's Asthma-Related QOL Scale [41] is a thirteenquestion survey that uses a seven-point Likert scale. The first nine questions ask how often in the prior week the child's asthma interfered with various aspects of the caregiver's normal daily life (1 = ''all of the time,'' 7 = ''none of the time''). Questions ten through thirteen ask the caregiver to rate how worried they felt in the past week regarding their child's asthma-related health (1 = ''very, very worried,'' 7 = ''not worried''). Total scores can range from thirteen to ninety-one, with lower scores reflecting worse asthma-related QOL.
To evaluate parenting confidence, we used the Competence subscale of the Parenting Stress Index [42] with permission from the publisher, Psychological Assessment Resources, Inc. This includes five questions asking caregivers to assess their parenting confidence. Each response is scored on a five-point Likert scale (1 = ''strongly agree,'' 5 = ''strongly disagree''), for a possible total score range of five to twenty-five. Higher scores are indicative of lower levels of parenting confidence.
We used a six-question survey to assess the additional demands that may compete for the caregiver's attention. Caregivers were asked how often in the past 2 months they worried about each stressor (i.e. housing, home/neighborhood safety, a job, personal/family relationships, income/ making ends meets/paying the bills, and their own health/ health of another family member) and responses were scored on a five-point Likert scale (1 = ''all of the time,'' 5 = ''none of the time''). Total scores can range between five and thirty, with lower scores representing more demands on the caregiver [43] .
Caregivers also reported behavioral scores for their child using the behavioral problems inventory (BPI)-an instrument used to assess the severity of children's negative behaviors using eight subscales: internalizing, externalizing, anxious/depressed, headstrong, antisocial, hyperactive, peer conflict, and immature. Higher scores indicate more severe behaviors and a total BPI score greater than or equal to 14 is considered clinically significant [44] .
Covariates
Since worse physical illness is often associated with elevated caregiver anxiety [45] and overall burden [13, 46, 47] , we analyzed symptom severity for all children to ensure that there were no significant group differences in asthma morbidity. Asthma symptom severity was assessed using the National Heart, Lung, and Blood Institute (NHLBI) guidelines for asthma control [48] . At the initial home visit, caregivers were asked to recall their child's asthma symptoms over the prior 2 weeks. They reported the frequency of symptom-free days (defined as a 24 h period in which their child had no coughing, wheezing, chest tightness, or shortness of breath and no need for rescue medications), nights with asthma symptoms, days in which their child's activity was limited due to asthma, and days in which their child needed to use a rescue medication such as Albuterol. Days when rescue medications were used only to prevent asthma symptoms before physical education classes were not included.
Tobacco smoke exposure was evaluated using both subjective (i.e. prevalence of primary caregiver that selfidentifies as a smoker, prevalence of smokers in the home) and an objective measure (child's salivary cotinine [49] ). Additional covariates included basic demographic information such as caregiver age [50] [51] [52] [53] (\30 or C30 years), race [53] (White, Black or Other), ethnicity [53, 54] (Hispanic or not Hispanic), marital status [53, 55] (married/ domestic partner or single), education [53] (\high school or Chigh school), and dichotomized child asthma symptom severity [13, 46, 47] (mild persistent or moderate/severe persistent symptoms).
Analyses
Statistical analyses were performed using IBM SPSS Version 20.0 (IBM Corp. Released 2011. IBM SPSS Statistics for Windows, Version 20.0. Armonk, NY: IBM Corp.). We performed bivariate analyses including Chi square and Mann-Whitney tests to compare characteristics of children with and without DD. We also conducted multivariate regression analyses to assess the independent relationship between having a child with DD and the outcomes of interest. A p value \ .05 was considered statistically significant.
Results
As part of the primary study [33] , we enrolled 530 children with a 74 % response rate. Of this sample, 70 children (13 %) were defined as having a DD. Figure 1 depicts the breakdown of parent-reported DD diagnoses within the asthma/DD subgroup. These are not mutually exclusive diagnoses, and those children whose parents reported several DD diagnoses are listed in multiple categories. Within this group, ADD/ADHD was the most prevalent diagnosis (80 %).
Of the entire sample, 63 % of children were Black and 73 % were covered by a Medicaid-managed public health insurance plan (Table 1 ). The majority of caregivers were Black (61 %) and not Hispanic (76 %), under the age of thirty (66 %), single (78 %), and had at least a high school education (61 %). As expected, children in the DD group were more likely to be male, since developmental disabilities are significantly more prevalent amongst males [1] . These children also tended to be older, which we anticipated since presentation of developmental abnormalities often becomes more obvious as the child is given more independence and responsibility. There were no other significant differences in demographic characteristics between children with and without a DD diagnosis. We found no group differences in smoke exposure, using both subjective and objective measures. There was no difference in asthma symptom severity or preventive asthma medication use between groups ( Table 2) . As expected, parents of children with an asthma/DD dual diagnosis did report significantly higher BPI scores, confirming that these children had worse behavioral problems than their typically developing peers. Children with a DD had higher scores for each of the eight behavior subscales, higher total scores, and were also more likely to have a total BPI score of at least 14, indicative of clinically significant behavior problems (Table 3) . Table 4 shows outcomes related to caregiver burden for children with and without DD, controlling for pertinent confounders. Caregivers of children with a DD and persistent asthma reported significantly worse scores on the depression (p = .003), parenting confidence (p \ .001), and competing demands scales (p = .013) as well as worse asthma-related QOL (p = .035) compared to caregivers of typically developing children with persistent asthma. K10 scores also revealed that caregivers of children with a DD 
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Autism Spectrum Disorder Fig. 1 Parent-reported developmental disability diagnoses of children in the DD group were more likely to report clinically significant levels of depressed mood than caregivers of typically developing children with asthma (53 vs. 38 %, p = .018).
Discussion
The purpose of this study was to determine whether having a child with asthma and DD co-morbidity was associated with greater caregiver burden than raising a typically developing child with persistent asthma. We found, despite that children had similar asthma symptom severity across groups, caregivers of children with both persistent asthma and a DD diagnosis reported greater burden. Caregivers of children with asthma who also have a DD reported significantly poorer parenting confidence, depression, and competing demands. Interestingly, these caregivers also reported a significantly lower asthma-related QOL, regardless of the fact that there was no difference in asthma symptom severity between children with and without a parent-reported DD. This suggests that the additional stress of raising a child with two chronic conditions makes these caregivers more likely to feel the impact their child's asthma has on the family. These findings are consistent with other studies that have shown elevated caregiver burden for parents of children with ADHD and a physical illness [13] and those demonstrating lower asthma-related QOL in caregivers that also report negative affect [56] . Prior studies have also shown that elevated caregiver burden is correlated with poor adherence to preventive asthma medications [22] and ineffective communication between the parent and the child's PCP [18] . Although these are logical mechanisms for increased morbidity [57, 58] , recent studies have found mixed results. Several authors have reported that children with depressed caregivers are at increased risk of asthma-related hospitalization, more days with asthma symptoms, and poorer functional status [6, [19] [20] [21] . Some studies have been unable to establish a direct link between elevated caregiver burden and increased asthma symptom severity, though this may be due to the complex nature of pediatric asthma management [18, 22] . We found that caregivers of children with a DD reported worse psychological distress, however, there was no significant difference in asthma symptom severity, based on NHLBI criteria, between children with and without a DD. It is possible that our ability to detect Asthma-related QOL* (13-91)
Regression adjusted for caregiver age, education, marital status, race, ethnicity, and child asthma symptom severitŷ
Higher scores = worse *Lower scores = worse differences in asthma severity was limited given that our sample only included children experiencing persistent symptoms. In addition to potentially leading to an increase in asthma morbidity, elevated caregiver burden can also increase the child's risk for developing cognitive, social, and behavioral problems. A meta-analysis of 193 studies found that maternal postnatal depression was correlated with significantly higher prevalence of psychopathology and negative behavior in their children [28] . This is especially concerning for children with a DD, as they are already at increased risk of having behavior problems. In our sample, parents of children with a DD were more likely to report child BPI scores above the cut-off considered clinically significant (p \ .001), despite that the majority were currently taking a behavioral medication. These caregivers also reported worse scores on all eight BPI subscales, including the depression/anxiety subscale (p \ .001). Caregivers of children with a dual asthma/DD diagnosis were also significantly more likely to report that their child had depression or an anxiety disorder (p = .002). Although we cannot infer causality due to the cross-sectional study design, it is likely that maternal psychological distress and child depression, anxiety, or severe behavioral problems negatively interact with one another and the relationship may be cyclic.
There are some potential limitations to this study. As a cross-sectional study, we cannot infer causality. We combined different categories of DD, including autism, ADHD, and behavioral disorders, and did not have adequate power to analyze these diagnoses individually. However, the heterogeneity of the sample is justified because there is substantial overlap between these diagnoses [59, 60] and thus it is common for researchers to analyze subjects with these conditions as one group with a DD [61] [62] [63] . We determined DD classification based on parent report rather than confirmed physician diagnosis. In an effort to limit misclassification of ADD, ADHD, and other behavioral disorders, children with a reported DD (other than ASD) must also have been prescribed a behavioral medication to be included in the DD group. It is possible that using behavioral medication prescription as an inclusion criterion for the DD group limited our sample to only those with the most severe DD. The diagnosis of persistent asthma, however, was confirmed by the child's PCP. In addition, the four scales used to evaluate caregiver burden are also based on self-report and cannot be used as a clinical diagnosis of anxiety or depression. There was an overwhelming majority of female caregivers in the overall sample, and only one male caregiver of a child with asthma/DD co-morbidity, thus limiting our ability to assess the impact of dual diagnosis on male caregivers. Similarly, we cannot infer the impact of raising a child with asthma and a DD on caregivers from rural or suburban settings, since we used an urban sample.
To our knowledge, this is the first study to examine the QOL of parents caring specifically for a child with both a DD and asthma. Since asthma is the most prevalent chronic illness in childhood, it can be used as a model for other chronic physical conditions. This adds to a robust body of literature examining caregiver burden for parents of children with a single diagnosis (i.e. chronic physical health condition or a DD.) The generalizability of our sample is another strength of the study. We had a high response rate (74 %) and a large, community-based sample that is representative of our urban pediatric population.
Unfortunately, caregivers' mental health issues often go unaddressed [64, 65] . This is, in part, due to pragmatic concerns, with pediatricians citing lack of time and inadequate training in mental health treatment as major barriers to identifying and managing maternal depression [66] . Furthermore, even with adequate resources, mental health issues can be difficult for doctors to identify, and increased severity of depressive symptoms does not seem to improve recognition by the pediatrician [67] . However, prior studies have shown that pediatricians can use a brief survey tool to reliably screen for maternal depression during the child's primary care visit [68] [69] [70] [71] .
Pediatricians are a valuable and underused resource in addressing caregivers' mental health issues. Most parents have more consistent contact with their child's pediatrician than with their own primary care doctor, suggesting that mental health screening may need to occur outside of the caregiver's medical home. Caregiver screenings in pediatric offices can identify families in need of additional resources, and help link them to appropriate care, which may include initiating communication with the caregiver's own PCP and referral to applicable community resources. Consistent contact with the pediatrician may be even more common for families with children who have multiple chronic conditions and require frequent visits to the pediatric office. Thus, there are ample opportunities for pediatricians to screen for and monitor mental health issues in this group of high risk caregivers. Regular doctor's visits can also help the parent and pediatrician establish a trusting relationship, increasing the caregiver's willingness to discuss their mental health concerns with their child's PCP [72] . Because caregiver anxiety and depression may hamper chronic disease management, an active role by the pediatrician to help address these issues could subsequently lead to improved health outcomes for the child.
These findings may also have important implications in reducing health disparities. Underprivileged caregivers tend to report higher rates of anxiety and depression [53] , plus asthma and DD prevalence also is greater for children living below the national poverty level [1, 3] . Thus, poor caregivers, a population already at high risk for stress and depression, are at increased risk of experiencing the elevation in caregiver burden we found to be associated with caring for a child with a dual diagnosis. Additional attention to this asthma/DD subgroup and routine depression screening for high risk caregivers may help to address disparities in caregiver stress, and ultimately, pediatric health disparities.
In conclusion, our results indicate that raising a child with persistent asthma and a DD is associated with higher scores on various measures of overall caregiver burden. Thus, in addition to low socioeconomic status, caring for a child with multiple chronic health conditions is a significant risk factor for elevated caregiver burden. Pediatricians can play an important role in improving health outcomes for both the parent and the child by regularly screening these caregivers for prevalent, treatable mental health issues and facilitating the receipt of appropriate social and emotional supports.
